Many spectrophotometric methods for the determination of copper have been reported. For example, Itoh et al.1 reported on a direct spectrophotometric method for the determination of copper at the ppb level using water soluble porphyrin, a,/3,y,8-tetraphenylporphinetrisulfonate. Sekine and Ohnishi2 have reported on a method based on extraction into 3-methyl-l-butanol as an ion associate of the copper(I)-2,2'-biquinolyl chelate cation with Bromophenol Blue anion, which was allowed to develop a more sensitive spectrophotometric determination of copper by using tetrabromophenolphthalein ethyl ester3 instead of Bromophenol Blue. Koh et al.4 reported on a highly sensitive extraction-spectrophotometric method for the extraction of dicyanocuprate(I) into dichloroethane as an ion associate with Methylene Blue. However, these methods have not been applied to the determination of copper in environmental water samples.
The preconcentration of copper with a chelating resin or a membrane filter has frequently been performed for the determination of trace amounts of copper in environmental water samples. Itoh et al.5 determined copper in seawater by the concentration of copper with a Chelex 100 chelating resin followed by spectrophotometry with tetrakis(4-Ntrimethylaminophenyl)porphine. Akaiwa et al.6 determined copper in river water by atomic absorption spectrophotometry after the preconcentration of copper with 4,7-Biphenyl-1,10-phenanthroline disulfonic acid-loaded resin. However, these two methods are troublesome and time consuming. Kan et al.' reported on a spectrophotometric method for the determination of copper following collection on an organic solvent-soluble membrane filter as an N,N diethyldithiocarbamate complex. Although this is a rapid and facile technique for both enrichment and determination, its sensitivity is not adequate for determining trace amounts of copper. On the other hand, spectrophotometric methods for the determination of copper utilizing the extraction of an ion-pair of copper(II)-zincon chelate anion with Zephiramine (tetradecyldimethylbenzylammonium chloride)8 or the extraction of copper(II)-diammonium ethylene-l,2-bis(phenyldithiocarbamate) chelate9 have been reported. Their apparent molar absorptivities are 2.46X104 and 1.56X 104 dm3 mol-1 cm 1, respectively and their sensitivities are not very high.
The solvent extraction-spectrophotometric method using an ion-association complex of the dichlorocuprate(I) ion is highly selective for copper. The method using a quaternary ammonium ion as a pairing ion of the dichlorocuprate(I) ion has been used as a preliminary separation procedure for the determination of copper in steel, stainless-steel and aluminum alloys.1o,11 The authors have also established a method for the determination of copper based on toluene extraction of the ion-association complex of the dichlorocuprate(I) ion with Ethyl Violet12, which was applied to the determination of copper in steel and aluminum alloys.13 In this work, the Ethyl Violet-toluene extraction method was modified for environmental water samples, and was applied to the determination of trace amounts of more than a few parts per billion of copper in river water, tap water and seawater. The proposed method is very sensitive and selective for copper.
Experimental Apparatus and reagents
All of the apparatus and reagents, except for Ethyl Violet and the washing solution, were the same as those described in a previous paper.12
Ethyl Violet solution, 1.0X10-3 mol dm 3. This was prepared by dissolving 56 mg of Ethyl Violet (Tokyo Kasei Kogyo, E-200) in 100 cm3 of distilled water.
Washing solution. An aqueous solution containing l .oX 10-3 mol dm 3 ascorbic acid, 1.2X 10-2 mol dm-3 potassium chloride, 3.0X102 mol dm 3 acetate buffer (pH 5.0) and 1.5X105 mol dm 3 Ethyl Violet was used.
Artificial seawater. This solution was prepared according to a reference.14 Pretreatment of a sample for removing co-existing ions Add 5 cm3 of a 1 mol dm 3 sodium sulfate solution, 2 cm3 of a 0.6 mol dm 3 acetate buffer solution (pH 5.0) and 3 cm3 of a 1.0X103 mol dm-3 Ethyl Violet solution per 100 cm3 of a sample solution, and shake it with 5 cm3 of toluene for 20 min. After phase separation, discard the organic phase. Add another 5 cm3 of toluene to the aqueous phase and repeat the extraction procedure in order to remove coexisting ions. For seawater samples, the addition of a sodium sulfate solution is not needed in the procedure.
Recommended procedure Procedure for fresh water.
Transfer 100 cm3 of a pretreated sample solution into separating funnel (about 130 cm3). Add 1 cm3 of a 0.1 mol dm 3 ascorbic acid solution, 2 cm3 of a 0.6 mol dm 3 potassium chloride solution, 5 cm3 of a 0.6 mol dm-3 acetate buffer solution (pH 5.0) and 2 cm3 of the Ethyl Violet solution. Shake the aqueous phase with 5 cm3 of toluene for 5 min. After phase separation, measure the absorbance of the organic phase at 612 nm. Procedure for seawater.
Transfer 100 cm3 of a pretreated sample solution into a separating funnel (about 130 cm3). Add 2 cm3 of a 0.18 mol dm 3 ascorbic acid solution, 5 cm3 of a 0.6 mol dm-3 acetate buffer solution (pH 5.0) and 2 cm3 of the Ethyl Violet solution. Shake the aqueous phase with 5 cm3 of toluene for 30 min. After phase separation, discard the aqueous phase and wash the organic phase with 20 cm3 of the washing solution by shaking for 4 min. After phase separation, measure the absorbance of the organic phase at 612 nm.
Results and Discussion
Interference from co-existing ions and their removal Bulky or hydrophobic anions, such as anionic surfactants, iodide ion, nitrate ion and metal chloride complex anions, which can form ion-association complexes with Ethyl Violet and are possibly extractable into the organic phase, produced positive errors. However, the interference of iodide ion, nitrate ion and heavy-metal ions, such as gold and mercury, in fresh water and seawater was negligible, since the samples contained very small amounts of their ions15, while anionic surfactants produced a large positive error, even though their presence was in trace amounts.12 Therefore, anionic surfactants had to be removed by their extraction into toluene as ion-association complexes with Ethyl Violet.16 This extraction procedure was performed twice prior to the determination of copper.
Effects of the amounts of Ethyl Violet and the shaking time
The effects of the amounts of Ethyl Violet and the shaking time were examined by the recommended procedure. Distilled water and artificial seawater samples were used as corresponding to fresh water and seawater samples, respectively.
Regarding the former samples, the absorbances of both the sample and the reagent blank were almost identical at amounts from 0 to 3 cm3 of 1X10-3 mol dm-3 Ethyl Violet solution; in the case of O and 2 cm3 of the Ethyl Violet solution added, the calibration graphs were linear up to 3X107 and 5X107 mol dm 3 of copper initially present in 100 cm3 of the sample solution, respectively.
For the latter samples, the absorbances of both the sample and the reagent blank were almost identical at the concentrations of Ethyl Violet in the aqueous phase from 1.4X105 to 4.0X105 mol dm-3; the results are shown in Fig. 1 . Therefore, 1.8X105 mol dm-3 Ethyl Violet in the aqueous phase (109 cm3) was chosen.
In further experiments, 2 cm3 of 1X10-3 mol dm 3 Ethyl Violet was used for fresh-water and seawater samples.
For the distilled water sample, identical absorbances were obtained by shaking for more than 5 min, while for the artificial seawater sample, almost identical absorbances were obtained by shaking for more than 20 min.
A shaking period of 30-min was employed in this work.
Washing of the organic phase for seawater
In previous work12, chloride and bromide ions, being commonly present in seawater samples, were found to interfere with the determination of copper; they increased by about four-times the absorbance of the reagent blank under the experimental conditions employed in this work. Reduction of the reagent blank was achieved by washing the organic phases. The components of the washing solution were examined, and the aqueous solution containing 1.0X10-3 mol dm 3 ascorbic acid, 1.2X102 mol dm 3 potassium chloride, 3.0X102 mol dm-3 acetate buffer and 1.5X105 mol dm~3 Ethyl Violet was adopted as the washing solution. The effect of the washing time was examined by varying the time from 0.5 to 20 min. The absorbances of both the sample and the reagent blank were constant when the solutions were washed for 3 to 5 min; 4-min washing was adopted. The absorbance of the reagent blank obtained after washing was lowered to about half that obtained before washing.
The absorption spectra of the ion-association complex (EV+ CuC12-) and of the reagnt blank in a toluene extract both before and after washing are shown in Fig. 2 .
Calibration graph, molar absorptivity and reproducibility By using distilled water and artificial seawater, calibration graphs were made according to the recommended procedure. The calibration graphs were linear over the range 0 -5X107 mol dm 3 (31.8 ng cm 3) of copper present in 100 cm3 of the sample solutions. The apparent molar absorptivities of the extract at 612 nm for fresh water and seawater were 9.2X104 and 8.1X 104 dm3 moL1 cm', respectively. As a test of the reproducibility of the determination of copper, the absorbances of the reagent blank and samples containing 5x10-7 mol dm3 (31.8 ng cm 3) copper in both distilled water and artificial seawater were measured. The relative standard deviations were 8.6, 0.9, 2.6 and 1.7% for distilled water and artificial seawater both containing copper at a concentration of 31.8 ng cm 3, respectively.
Determination of copper in environmental waters
We tried to determine copper in river water and seawater samples in the coastal region of Tottori and tap The proposed method gave good reproducibility in the determination of trace amounts of copper in both fresh water and seawater. Copper at a concentration of 1 ng cm 3 (1 ppb) in fresh water and seawater corresponds to 0.029 and 0.026 absorbance, respectively. N,N Diethyldithiocarbamate (DDTC) complexes not only copper, but also many metal ions, such as iron, nickel and cobalt. In this DDTC spectrophotometry, their metal ions, except for copper, were masked by ethylenediaminetetraacetic acid, and copper was extracted by one extraction from 250 cm3 of the aqueous phase with 10 cm3 of butyl acetate. The Ethyl Violettoluene extraction method is highly selective for copper12, and has about a four-to five-fold better sensitivity than that of the DDTC spectrophotometric method. Therefore, the proposed method would be applied to the determination of trace amounts of more than a few ppb of copper in such environmental water samples.
